Ipomoea aquatica is an aquatic plant that is widely consumed in Southeast Asia as a vegetable. In this study, the influence of various ethanol ratios (0, 20, 50, 80, and 100%) as an extraction solvent and different drying methods including air drying, sun drying, and oven drying on phytochemical constituents of I. aquatica was investigated using a proton nuclear magnetic resonance-based metabolomics approach. The effect on α-glucosidase inhibitory activity and total phenolic content was also examined. Clear discrimination was observed between different ethanol ratios and different drying processes by principal component analysis. The highest α-glucosidase inhibitory activity was observed for absolute ethanol extract from the oven drying method with IC 50 value of 204.0 ± 59.0 µg/mL and total phenolic content value of 22.0 ± 0.7 µg gallic acid equivalent/mg extract. Correlation between the α-glucosidase inhibitory activity and the metabolite were analyzed using a partial least square analysis. The metabolites that are responsible for the activity were quercetin derivatives, chlorogenic acid derivatives, sucrose, and fructose. This study highlights the basis for future investigations of I. aquatica as a source of food that has the potential for nutraceutical enhancement and as ingredient in medicinal preparation.
INTRODUCTION
Ipomoea aquatica, which is locally known as kangkung, is a green leafy vegetable that belongs to the Convolvulacea family, which is comprised of more than 1650 different species. [1] Traditionally, I. aquatica has been used in treating hypertension, diabetes, fever, leucoderma, and leprosy and can act as an emetic, diuretic, purgative, anthelmintic, and antipyretic agent. [2] [3] [4] Several pharmacological studies conducted on this plant have shown its potential use as anti-oxidant, anti-diabetic, anti-bacterial, anti-proliferative, anti-hyperlipidemic, anxiolytic, and hepatoprotective agents. [5] [6] [7] [8] In addition, it has also been reported to be rich in metabolites, such as flavonoids, alkaloids, reducing sugar, amino acids, soluble carbohydrates, steroids, phenols, glycosides, β-carotene, saponins, and tannins. [3, 9, 10] Phytochemical studies of this plant have isolated several compounds, such as quercetin, luteolin, and isochlorogenic acid. [4, 11, 12] Although numerous studies have been conducted on the bioactivity of I. aquatica, little is known regarding the correlation between its metabolites and their bioactivities.
It is well known that recovery of bioactive metabolites from plant extracts depend largely on the efficiency of the extraction process and the composition of the metabolites in the plant cell matrix. [13] Treatments such as heat, extraction solvents, solvent-to-sample ratio, and time of the extraction have profound effect on the extractable yield of bioactive metabolites. Drying is a process that eliminates excess moisture to avoid spoilage and to extent the shelf life of food. [14] Drying can involve heat, such as oven drying (OD), sun drying (SD), microwave drying or not involving heat such as freeze drying (FD). Among these methods, air drying (AD) with or without sun exposure and OD are usually preferred due to their low cost and ease of handling. [15, 16] However, this process requires time and drying plants with high water content, such as leafy vegetables and herbs needs long time. [17] This can lead to deterioration in the quality of the samples, including changes in the taste and color and most importantly a loss of some bioactive metabolites. [18] Furthermore, recovery of bioactive metabolites can be also affected by their uneven distribution in the cell matrix. To resolve this issue, ratios of different solvents with diverse polarities can also be used. [19] Nevertheless, it is still difficult to optimize the best solvent and drying method in processing plant material. Therefore, it is important to investigate the effect of these two factors to determine the optimum conditions for extracting the plant having the most potential bioactivity with beneficial bioactive metabolites using an advanced approach.
Metabolomics is a competent approach for studying and evaluating changes of small molecule of biological system under various circumstances. [20, 21] In recent years, it has been widely used in several fields, such as agriculture, food chemistry, toxicology, and medicine. [22, 23] A lot of high throughput metabolomics methodologies are currently available, and among them, proton nuclear magnetic resonance ( 1 H NMR) is more preferred due its robustness, reproducibility, and nondestructiveness. [20, 24] The 1 H-NMR is an emerging leading analytical tool in metabolomics studies due to a large number of identified compounds. [25, 26] The 1 H NMR coupled with multivariate analysis (MVDA) can be used for monitoring phytochemical changes in plants and can even correlate their metabolites with bioactivity. [14, 27] Despite numerous studies that have already been conducted, there is still little information on phytochemical metabolites of I. aquatica and their variations based on different drying methods from sample extracted with various solvents types and/or at different ratios. Currently, polar solvents with various polarities are mostly used to extract phenolics and other bioactive compounds from plants. In addition, ethanol is not toxic solvent to be practically used in the food industry. Therefore, the aims of the present study were to determine the metabolic and bioactivity variation among the I. aquatica extracts that were dried with various methods and extracted with various ethanol ratios and to examine the correlation between the metabolites and bioactivities. The outcome of this study may benefit the future research on I. aquatica and may become an applied model for similar plant samples.
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MATERIALS AND METHODS

Chemicals and Reagents
Deuterated methanol-d4 (CD 3 OD), non-deuterated KH 2 PO 4 , sodium deuterium oxide (NaOD), trimethylsilyl propionic acid-d4 sodium salt (TSP), deuterium oxide (D 2 O), and ethanol were obtained from Merck (Darmstadt, Germany). α-Glucosidase (EC 3.2.1.20) was purchased from Megazyme (Wicklow, Ireland) and Folin-Ciocalteu reagent, sodium carbonate, p-nitrophenyl-α-D-glucopyranoside, quercetin, and glycine were supplied by Sigma Aldrich (St. Louis, USA).
Plant Material
The I. aquatica plant was cultivated in an open field at the University Agricultural Park, Universiti Putra Malaysia in April 2012. A 14 m × 2 m plot was established and treated with organic fertilizer before leveling the soil and making holes at a distance of 10 cm. Then, three to five seeds were placed in each hole. Irrigation was performed twice a day using an automatic irrigation system. Weekly weeding was performed, as no herbicides and pesticides were used during the planting period. The plants were harvested 4 weeks after the germination date.
Sampling and Extract Preparation
Upon harvest, the plot was divided into six parts, and samples in each part were divided into three groups for the three different drying methods (AD, SD, and OD). Whole plants were collected and the roots were removed before being washed with tap water and cleaned with tissue paper. The AD samples were kept at room temperature (25°C) for 1 week. The SD samples were arranged on a drying rack and exposed to the sun for 10 h per day for 10 days. The OD samples were prepared by placing at a temperature of 40°C in a Memmert laboratory oven for 5 days. Complete dryness of the samples was ascertained by taking their weights until constant before proceeding with further analysis. The samples were then ground into a fine powder using a laboratory grinder. Then, 10 g of each sample was sonicated after mixing with 200 mL of different ethanol ratios (0, 20, 50, 80, and 100%). There were a total of 30 samples for each drying method, considering six replications of each group. Each extract was filtered through a Whatman filter paper no. 1, dried using a rotary evaporator, and lyophilized to ensure no water remained in the crude extract. All of extracts were kept at 4°C before further analysis.
In vitro Assays
α-Glucosidase inhibition assay
The α-glucosidase inhibition assay was carried out according to Deautschländer et al. [28] with slight modification. The substrate solution (10 mM p-nitrophenyl-α-D-glucopyranoside) was prepared in 50 mM phosphate buffer (pH 6.5). Next, 10 µL of sample, 100 µL of 30 mM of phosphate buffer solution, and 15 µL of α-glucosidase solution (3 U/mL) were pre-incubated in 96-well plates at 25°C for 5 min. After pre-incubation, 75 µL of the substrate was loaded into the well and the reaction mixtures incubated for another 15 min at 25°C. The reaction was stopped by adding 50 µL of 2 M glycine (pH 10). Absorbance readings were recorded at 405 nm. The percentage of inhibition (%) was calculated as follows:
where the ΔA c is the difference in absorbance between the control (with enzyme) and the blank control (without enzyme). Δ A e is the difference in absorbance between a sample (with enzyme) and the blank sample (without enzyme). The control was conducted in the same way as the α-GLUCOSIDASE INHIBITORY ACTIVITY OF IPOMOEA AQUATICA experimental sample but with 5% dimethyl sulfoxide (DMSO). For the blank control and experimental samples, the enzyme solution and substrate was replaced by 30 mM phosphate buffer solution and glycine was replaced with distilled water. The percentage inhibition was plotted against the concentrations of each sample to determine the concentration required to inhibit 50% of the α-glucosidase enzyme.
Total Phenolic Content (TPC)
The TPC was determined using the Folin-Ciocalteu reagent following a modified method by Kähkönen et al. [29] In this experiment, gallic acid was used as a standard. Briefly, 10 µL of each sample was transferred in triplicate to the 96-well microplate followed by 25 µL of the Folin-Ciocalteu reagent (50%, v/v), 25 µL of 20% (w/v) sodium carbonate solution, and distilled water was added, attaining a final volume of 200 µL. After 1 h of incubation at room temperature, the absorbance was measured at 760 nm using spectrophotometer (SPECTRAmax PLUS). The same procedures were used for gallic acid as a control compound with different concentrations (15.6, 31.25, 62.5, 125, 250, and 500 µg/mL) and to plot the calibration curve. The TPC was expressed as µg gallic acid equivalent (GAE) per mg extract (µg GAE mg −1 extract).
Nuclear Magnetic Resonance (NMR) Measurement
For a NMR measurement, a modified method by Mediani et al. [14] was used for preparation of NMR sample. In microcentrifuge tubes, 10 mg of each extract was weighed and dissolved in 0.375 mL of CD 3 OD-solvent and 0.375 mL of KH 2 PO 4 buffer in D 2 O (pH 6.0), containing 0.1% TSP. The microcentrifuge tubes were then vortexed for 2-3 min and ultrasonicated for 30 min at room temperature to obtain a homogenous solution. This mixture was then centrifuged for 10 min at 13,000 rpm. Then, 0.6 mL of the supernatant was transferred to an NMR tube for 
Data Processing and MVDA
The 1 H-NMR and 2D NMR spectra were processed using Chenomx software (v. 5.1, Alberta, Canada) and Advanced Chemistry Development (ACD) Processor Academic Edition software (v. 12.0, ACDLABS). Phasing and baseline corrections were performed on each spectrum with a consistent setting for all sample spectra, and TSP was set as the chemical shift index at δ 0.00. The I. aquatica extracts spectral region (δ 0.50 to δ 10.00 ppm) was binned into a 0.04 ppm width that resulted in 231 integral regions per NMR spectrum. The regions containing water (δ 4.70-4.90) and methanol (δ 3.26-3.28) were excluded from the spectra in order to retain only the signals from the endogenous metabolites that were changed due to the drying process and solvent extraction. Multivariate data analysis was conducted on the normalized NMR dataset with the Soft Independent Modelling by Class Analogy (SIMCA)-P software (v. 13.0, Umetrics, Umea, Sweden). Initially, principal component analysis (PCA) of the NMR spectral dataset was performed to visualize and discriminate the samples according to their metabolites, thus providing a general idea of the structure of the dataset. It was also used to observe possible outliers within the model. The partial least square (PLS) was then performed to identify the metabolites that significantly contribute to intergroup differentiation. [30] Both PCA and PLS were conducted using Pareto scaling.
Statistical Analysis
The results were presented as the mean ± standard deviation. The statistical significance of the difference was evaluated using one-way analysis of variance (ANOVA) with Tukey's post-hoc test p < 0.05 is considered significant. For the relative quantification purposes, only the metabolites in the best drying method and solvent were quantified based on the mean peak area of the 1 H NMR signals of interest after binning using Chenomx software (v. 5.1). The quality of the PLS model was expressed by the R 2 X and Q 2 and the validity of the model tested using the permutation test and ANOVA of cross validated residuals (CV ANOVA). According to Ericksson et al., [31] the R 2 Y-intercept must be <0.3-0.4, while the Q 2 Y-intercept must be <0.05 and the p-value of regression of CV ANOVA scores should be lower than 0.05 to be considered a valid model.
RESULTS AND DISCUSSION Extraction Yield of I. aquatica Obtained from Different Drying Methods and Solvent Extractions
As indicated in our results, the yield percentage of the I. aquatica extracts ranged from 5 to 27% depending on the extraction solvent and drying methods (Suppl. 1). Both the drying method and the type of solvent extraction have a significant effect (p < 0.05) on the extraction yield of I. aquatica. Although the highest yield can be found in the OD samples, there are no significant differences (p > 0.05) in its yield compared to the SD samples. Based on the drying method, the trend for the maximum yield is OD ≥ SD > AD. With regards to the effect of ethanol on the extraction yield, the highest yield was observed for water extracts, with the yield become decreasing as the ethanol ratio increases. This result indicates that a higher yield can be obtained as the polarity of the solvent increases. The result was in agreement with the work of Javadi et al. [32] and Sultana et al., [19] who both found that aqueous solvents extract more than the absolute organic solvent. Table 1 shows the activity results of I. aquatica from the various drying methods and ethanol extractions. I. aquatica was tested in two in vitro assays; α-glucosidase inhibitory assay and TPC assay. The α-glucosidase inhibitory assay was used to screen the anti-diabetic potential of I. aquatica, while the TPC test was used to estimate the concentration of phenolic compounds in I. aquatica.
Effect of Different Drying Treatments and Solvents on TPC and α-Glucosidase Inhibitory Assays
As can been seen in the summarized results in Table 1 , the percentages of α-glucosidase inhibition for all samples is in the range of 10 to 84% for 500 µg/mL of extract. Overall, the α-glucosidase inhibition from the different drying methods and ethanol ratios are ranked in the following order: OD 100% ethanol > SD 100% ethanol > OD 50% ethanol > SD 80% ethanol ≥ SD 50% ethanol > OD 80% ethanol ≥ AD 100% ethanol > AD 20% ethanol > SD 20% water. Only a few extracts had an inhibitory effect of more than 50% and none of the AD extracts had α-glucosidase inhibitory activity of more than 50%. It was obvious that the polar solvents had the most ability to extract most of the phytochemical constituents of I. aquatica. This might be due to most of the metabolites of I. aquatica are hydrophilic in the matrix, showing greater attraction to polar solvents.
Previously, Lin et al. [33] found that there were insignificant differences in the α-glucosidase activity of Rabdosia serra leaf prepared by AD and SD methods. While Mediani et al. [13] reported that AD extracts of Phyllanthus niruri exhibited higher α-glucosidase activity compared to OD α-GLUCOSIDASE INHIBITORY ACTIVITY OF IPOMOEA AQUATICA extracts. Differences in our findings and previous reports are probably due to differences in plant composition (i.e., metabolites, water content, and cell structure). We found that the best solvent for α-glucosidase inhibitory activity was absolute ethanol, as no activity was detected in the water extracts at 0.5 mg/mL. These findings were consistent with a previous study by Javadi et al. [32] in which the absolute ethanol extracts were found to have the best α-glucosidase inhibitory activity.
The results of the TPC (Table 1 ) assay for AD were in the range of 18.0 ± 0.6 to 8.0 ± 0.2 µg GAE/mg. The results of the other drying method such as SD were from 12.0 ± 2.0 to 8.0 ± 0.2 µg GAE/mg and OD from 22.0 ± 0.7 to 5.0 ± 0.2 µg GAE/mg. These results were inconsistent with the observed α-glucosidase inhibitory activity, where the OD sample had the highest TPC value (22.0 ± 0.7 µg GAE/mg). The second best sample in the TPC assay was from the AD group followed by the SD samples. In general, higher TPC contents can be found in the higher ethanol content extracts (50~100%) rather than in the higher aqueous solvents. The difference in the TPC contents indicates that drying and solvent extraction play a major role in extracting phenolic compounds.
Identification of Metabolites in I. aquatica by 1D and 2D NMR
The representative 1 H NMR spectra of I. aquatica is presented in Fig. 1 . A total of 21 metabolites were identified, including amino acids (valine, [34] alanine, [34] proline, [34] aspartate, [35] N, N-dimethylglycine, [36] and tyrosine [35] ), organic acids (acetic acid, [35] glutaric acid, [35] succinic acid, [33] citric acid, [34] malic acid, [35] and formic acid [14, 34] ), and sugars (fructose, [37] sucrose, [14, 34] β-glucose [14, 34] and α-glucose, [14, 34] phenolics, and luteolin). [38] The other metabolites include quercetin derivatives, [15] chlorogenic acid derivatives, [39] 1-O-ethyl-β-glucoside, [37] and choline, [14, 34] which are listed in Supplementary 2. Identification of the metabolites was based on information from software (Chenomx Profiler), online database (Human Metabolome Database [HMDB]; http://www.hmdb.ca/), [36] and from the literature (aided by 2D NMR − J-resolved [Suppl. 3]). Amino acids, such as valine, alanine, proline, aspartate, and N,N-dimethylglycine, were mainly identified by their aliphatic region (δ 0.5-3.5). Additionally, organic acids, including acetic acid (δ 1.93), glutaric acid (δ 2.30), succinic acid (δ 2.45), citric acid (δ 2.54), ethylene glycoside, and 1-O-ethyl-β-glucoside were also successfully identified. In general, the signals from the carbohydrate region especially from δ 3.0 to 5.5, highly overlapped with other signals, making the identification of metabolites a complex process. [34] However, we ascertained the identity of several metabolites, such 
Classification of I. aquatica Extracts in Different Drying Methods and Ethanol Concentration
In this study, variations in the extracts methods were achieved by performing PCA, a pattern recognition method from MVDA. The PCA model was used to provide an overview of all of the extracts that have been prepared by different drying processes and extract solvents (Fig. 2) . A model with 13 principal components (PCs) was achieved, with the first two components covering 54% of the variance. This model was considered a good model because the goodness-of-fit, R 2 X (cum) and Q 2 (cum) > 0.5 and the differences between R 2 X (cum) and Q 2 (cum) < 0.3, indicating that each of the subjects (i.e., extract samples) equally and uniformly contributes to the observed group separation. [40] From the score plot (Fig. 2a) , a clear cluster can be seen from PC1, separating the OD samples from the AD and SD samples. This cluster was due to variation in metabolites between the drying samples (Fig. 2b) . Metabolites such as 1-O-ethyl-β-glucoside, fructose, sucrose, tyrosine, malic acid, chlorogenic acid derivatives, and quercetin derivatives were higher in the OD samples compared to the SD samples. In addition, metabolites such as citric acid, aspartate, N,N-dimethylglycine, choline, succinic acid, glutaric acid, proline, and alanine were higher in the SD and AD samples.
A distinguish separation can also be observed from the PC2 score plot (Fig. 2a) between the SD and AD samples extracted with higher ethanol ratios (50, 80, 100%). The loading score (Fig. 2b) shows that the higher ethanol extracts in the SD and AD groups contain higher level of phenolics (luteolin, chlorogenic acid derivatives, and quercetin derivatives), amino acids (proline, alanine, and valine) and organic acids (succinic acid and glutarate). The 20% ethanol and water extracts contain many sugars (α-glucose, β-glucose, sucrose, and fructose) and organic acids such as citric acid and malic acid.
There was distinguishing features of the OD samples extracted with different ethanol ratio that can be seen in PC2 and they were all gathered at the positive side of the plot by PC1. However, due to the greater effect of the drying treatment, the metabolites contributing to the separation of different ethanol ratios extracts were very difficult to be assigned. Therefore, we performed another PCA specifically on the OD samples to see if there are any differences with the different ethanol ratios. A PCA model with three components in which the first two components explained 76.10% of the variation is shown in Fig. 3 . The effect of the ethanol solvent ratios can be clearly seen from the separation in PC1, where a higher ethanol ratio extract was located on the positive side as opposed to the extracts obtained with higher water contents (20% ethanol and water). Metabolites such as phenolics (luteolin, chlorogenic acid derivatives, and quercetin derivatives), sucrose and 1-O-ethyl-β-glucoside were high on the positive side, while the negative side had more sugar groups (α-glucose and β-glucose), amino acids (proline, alanine, and glutarate) and organic acids (citric and malic acid).
A clear cluster between the different drying methods (Fig. 2a) shows that drying treatments were the main factor that responsible for the metabolite compositions of the extracts. Various studies had reported on the changes in phytochemical constituent level in plant matrices when exposed to drying treatment. [14, 17] However, these changes varied from plant to another as each plant has a different cell matrix composition and the presence of metabolites in the extracts were depending on their thermal stability. [14, 17] Mediani et al. [14] previously noted that there were differences in phenolic contents (flavonoids and flavonoid glycoside) in AD compared to OD in Cosmos caudatus samples. In that study, he found that the level of flavonoids and flavonoid glycoside was higher in the AD group. However, in the present 
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study we found that the levels of phenolic compounds (quercetin and chlorogenic acid derivatives) were the highest in OD samples compared to AD and SD samples. Lower concentration of phenolic compounds in AD and SD samples may be due to the residual degrading enzymes, polyphenol oxidase (PPO) and peroxidase (POD) in the AD and SD samples. [14, 17] Long exposure to atmospheric oxygen during AD and SD processing can also be a reason of affecting the samples bioactivity as they promote oxidation of the sample. [17] In addition, there have been several report noted that ultraviolet (UV) radiation, especially from ultraviolet B (UV-B) may affect plant components such as nucleic acid, amino acid, lipid, protein, and even plant growth regulators. [41, 42] However, the differences in metabolites concentration especially between SD and AD in the absolute ethanol extract (Suppl. 4a) can only be seen in valine, aspartate, N,N-dimethylglycine, and fructose, whereas no significant differences (p > 0.05) in chlorogenic acid derivative and quercetin derivative concentrations as compared to others. All of this indicates that the UV irradiation may not solely contribute to the differences, but the combination of solar radiation with an external factor such as environment factor such as air humidity may attribute to the differences.
Interestingly, we also noted that the OD samples have exceptionally high contents of fructose in the 80 and 100% ethanol extracts and sucrose in 50% ethanol extract compared to the other drying methods (Fig. 2 and 3 ). This result was in agreement with the work of Mediani et al., [14] who found that the OD samples have high sucrose content compared to FD and SD samples. The OD process may not only remove water and inactivate degradation enzymes, but it can also cause the plant tissue to become brittle and fragile, resulting in cell wall rupture during the grounding steps of the sample preparation procedure. [17] Combination of these rupture cells with a suitable solvent in the extraction process may enhance the release of phenolic content and other metabolites, such as fructose and sucrose into the solvent, thus resulting in higher metabolites content in the OD samples. With regards to solvent effects, we noted that the higher level of sugar groups (α-glucose and β-glucose) and organic acids (citric and malic acid) can be found in the low ethanol solvents in the OD, AD, and SD samples. High phenolic contents were also observed in the high ethanol solvents for all drying methods. The differences in metabolite contents may be due to the abilities of the solvents to extract metabolites. The capability of the solvents to extract metabolites is largely dependent upon the solubility of the metabolite and the interaction between the solvent and the plant cell matrix or the cell permeability. [19] Correlation between in vitro Assays and Metabolite Variation among the Samples Treated with Three Drying Methods
The PLS is supervised method in MVDA. Previously, PLS has been successfully used to correlate the bioactivity with phytochemical constituents. [13, 14] In PLS, the data are separated into two blocks, the X-block represents the predictor variables (NMR chemical shift of the metabolites) and the Y-block represents the response variables (bioactivity). [40] By using PLS, the relationship between bioactivities (1/IC 50 of α-glucosidase inhibitory and TPC) and the metabolites in the ethanol extracts can be established.
Based on the in vitro assays, we chose the best drying method, the OD samples (in different solvent ratios) and the best solvent, the 100% ethanol extracts (in different drying methods) to see which metabolites contributes to the bioactivity of the samples. Three clusters can be clearly seen from the bi-plot of 100% ethanol extracts in different drying method (Fig. 4a) . The OD samples were strongly correlated with the α-glucosidase inhibitory activity and TPC. The SD and AD samples were projected at the negative side of the PC1. The metabolites that contribute to this separation were quercetin derivatives, chlorogenic acid derivatives, sucrose, and fructose. All of these metabolites were located close to the OD samples, α-glucosidase inhibitory, and TPC assays compared to AD and SD samples. The AD and SD were separated due to their high of organic 
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acid and amino acid contents. This result was in agreement with our in vitro result where the AD and SD samples had lower bioactivity compared to the OD samples. As discussed earlier, the better result in the OD samples may be because of the shorter drying time and deactivation of residual degrading enzymes that can alter metabolites in I. aquatica.
In addition, bi-plot of different ethanol solvents of the OD samples (Fig. 4b) showed two clear clusters in PC1. The higher ethanol ratio extracts (50-100%), are located at the positive region of the biplot, while the 20% ethanol and water extracts cluster together at the negative side of the bi-plot. The clustering of the extracts was due to metabolites such as sucrose, valine, and chlorogenic acid derivatives. In line with previous in vitro assay result, this clustering suggests that these metabolites were the one, contributing to the bioactivity of the samples especially in the absolute ethanol extracts. Additionally, high amounts of organic acids (citric and acetic acid), N,N-dimethylglycine, α-glucose, and β-glucose were found in the 20% ethanol and water extracts. As we previously observed, both extracts had the lowest in vitro activity (Table 2 ) and this might be an indication extracts with higher concentration of these metabolites might not be active in α-glucosidase inhibitory and TPC. Both of these PLS models showed excellent goodness-of-fit (R 
Relative Quantification of Metabolites
Based on the PLS, we conducted relative quantification of the metabolites in the absolute ethanol extracts (from different drying methods) and the OD samples (in different solvents). We found, differences in the metabolite concentrations that affect discrimination among the samples and contribute to the activities. Representative of each drying methods OD, SD, and AD in absolute ethanol (Suppl. 4A) and at different ethanol ratios in the OD samples (Suppl. 4B) shows all of the relative quantification of the metabolites that were previously identified in Figs. 4a and 4b. As seen in Supplementary 4A, a high concentration of fructose and sucrose can be detected in the OD samples compared to the SD and AD samples. A lower concentration of metabolites such as 1-Oethyl-β-glucoside, alanine, acetic acid, glutaric acid, aspartate, and N,N-dimethylglycine was also observed. The OD samples had high content of chlorogenic acid derivative and quercetin derivative compared to SD and AD samples. Based on the solvent ratios in the OD samples (Suppl. 4B), there were significant differences (p < 0.05) in the metabolites of the absolute ethanol extracts including acetic acid, citric acid, aspartate, and N,N-dimethylglycine compared to the 20% ethanol and water extracts. This result was in agreement with previous PLS results (Fig. 4b) , that suggested these metabolites might negatively contribute to the overall bioactivity of the sample.
CONCLUSIONS
The 1 H NMR metabolomics was successfully used to classify I. aquatica extracts from different solvent ratios and different drying processes. The best ethanol ratio for all drying methods was absolute ethanol. The overall best drying method was OD followed by SD. Among the 21 metabolites identified, chlorogenic acid derivatives, quercetin derivatives, fructose, and sucrose were the metabolites that might contribute the most to the bioactivity of the samples. A bi-plot of PLS analysis shows a strong correlation between the metabolites of the OD samples with the in vitro assays (TPC and α-glucosidase inhibition activity). This study suggests that both solvent and drying method play a significant role in the distribution and content of metabolites extracted from I. aquatica. 
